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ABSTRACT KEYWORDS
Chronic obstructive pulmonary disease (COPD) is a common disease COPD smokers,
affecting the lungs. COPD is one of the major cause of morbidity and Ex-smokers;
mortality. Cigarette smoke, the pollutants and the exogenous oxidants Non-smokers;
increase the oxidative stress | eading to depletion of antioxidant capacities Oxidative stress;
in patientswith COPD. Most of theinflammation during COPD isproduced Antioxidants.

by the endogenous oxidants. The literature on pathogenesis of COPD
reveals the hypothesis of imbalance between oxidants and antioxidants
as important mechanism. The aim of the present study was to assess the
role of an imbalance between oxidants and the antioxidant defence in
COPD group (COPD smokers, COPD ex-smokersand COPD non-smokers).
The present study shows the evaluation of oxidant markers like plasma
MDA (Mal ondialdehde) and NOx (Nitric oxide) with antioxidant markers
SOD, GPx, CAT and Hep (Super oxide dismutase, Glutathione peroxidase,
Catalase and ceruloplasmin) in COPD patients and control subjects. The
oxidative markers was found to be significantly (p<0.0001) elevated in
group of COPD patientswhen compared with the controlswhilethelevels
of antioxidant markers SOD and CAT levels get decreased. The GPx and
serum Hcp levels get increased, showing a significant association
(p<0.0001). Our results suggest that oxidative stress and antioxidative
status plays animportant role in the pathogenesis of COPD.
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work have shown the evidence of imbal ance between
oxidants and antioxidantsin presence of reactiveoxy-
gen species (ROS) leading to the development of
COPD*8, Oxidativestressin COPD isincreased due

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
characterized by thegradua progressionof irreversible

airflow obstruction and increased inflammation inthe
airwaysof lung parenchyma. It isasystemic disorder
that isassociated with increase of inflammatory pro-
teinsinsystemic circulation and itisaleading cause of
morbidity andincreasing mortality in devel oping coun-
tries'®, Theliterature so far studied and experimental

to action of many exogenous oxidants present inthe
environment. Thecigarette smoke and itscomponents
a ong with endogenous oxidantsrel easeinflammatory
responseinthelungs”9. Antioxidative statusin COPD
Isdecreased asthe oxidative burden getsinclined. Vari-
ous studies have shown the antioxidativemarkersin


mailto:aunnisabeugm@gmail.com;
mailto:venkarteshwari@yahoo.com;
mailto:anjanadurani@yahoo.com;
mailto:jyothycell@rediffmail.com

112

Variations in oxidant-antioxidant status in chronic obstructive pulmonary disease

RRBS, 9(3) 2014

Reguler Peper e

plasmaof COPD smokers are decreased with anin-
creasein oxidative stress!. However thereare con-
troversia resultsregarding the studies conducted on
oxidative and antioxidative stress imbalance in the
pathogenesis of COPD.The sources of theincreased
oxidative stressin patientswith COPD arederived from
theincreasedburden of oxidants present in cigarette
smoke, increasing the amount of reactive oxygen spe-
ciesreleased from leukocytes, bothinthea rspacesand
intheblood™. MDA levelsand their end productshave
been extensively studied asamarker in pulmonary, sys-
temic oxidativestressand inthepathogenesisof COPD.
Thelevelsof MDA getsaltered dueto the structural
changeswhich occur onreaction with freeradicalsre-
|eased from cigarette smoke and impair the function of
cell membrane permeability by inactivating the recep-
tor and enzymes*?,

NOisgenerated in COPD fromtheenzymeinduc-
ible NO synthase, which isexpressed in macrophages
and lung parenchymaof patientswith COPD™5, NO
level sare depressed by cigarette smoking and oxida
tive stress, since NOx combinesavidly with superox-
ideanionstoform peroxynitriteleading to theincreased
levelsof oxidative stressin COPD!1817, Thiskind of
studiesreflectsthat the eval uation of oxidative stress
markerdikeplasmaMDA and NOx levelsinbiologica
samplescan play asignificant roleintheincreased bur-
den oxidativestressin diseaseslike COPD and also as
aclinica marker intheoxidativedamageof chronicdis-
easeélS—ZI]l

Theantioxidant systemsincludesenzymeslikesu-
per oxide dismutase, cata ase, glutathione peroxidase
and proteinslikeabumin, bilirubin, ferritin, and cerulo-
plasmin along with moleculeslike uric acid, reduced
glutathioneand ubiquinal. Deficiency of antioxidant ca-
pacity leads to high oxidative stress which is an
increasingevidencein relation to smoking. Thestudies
conducted on COPD by Rahman et.al’?@ have shown
decreaselevelsof antioxidant enzymes. Theother rea
sonfor reduction of antioxidant levelsinsmokersisaso
dueto depletion of plasmaprotein Sul phadryl =2,

The present study isaimed to evaluatetheimbal-
ance between oxidant and antioxidant statusin COPD
patients (COPD smokers, COPD ex-smokers and
COPD non-smokers) incomparision with the healthy
controlsastheexigting hypothes sinvolved inthe patho-
genesisof COPD

MATERIALSAND METHODS

Sudy population

Thelnstitutiona ethical clearancewasobtained to
carry out the study.Special case proformas and con-
sent formsfor COPD and hedlthy controlssubjectshave
been prepared to collect the detail ed case historiesand
written consent from the caseswilling to berecruited
for the study had beentaken

A total of two hundred and fifty (mean age n=250)
COPD casesweretaken from Government Chest Hos-
pita, Irranuma, Hyderabad whichisoneof thereputed
hospita sinAndhraPradesh, where patientsfrom differ-
ent socioeconomic Strataarereferred. Thecaseswhich
were diagnosed by spirometry, chest X-ray and con-
firmed by pulmonologists were considered for the
study. The Spirometric dassification of severity of COPD
includingfour stages. stagel, mild; stagell, moderate;
sagelll, severe; stagelV, very savereCOPD (caseswith
ahistory of cigarette smoking, cough, sputum, persis-
tencedyspnea, acuteexcaberationswith their profession
and ather COPD risk factorswereincluded for thestudy).
Emphasisisgivenfor thedetalsof theepidemiological
variableslikeage, sex, BMI, addictions such as smok-
ing, Pack yearsin ex-smokersand other clinica profiles
with physiologicd characteristicsareshownin TABLE
1.0nehundred ninety seven of the COPD patientshad a
history of smoking, forty five of them had apast history
of smoking and had stopped smoking at |east two year
beforetheir involvement in the study and nine COPD
patientswerenon-smokers. Theinformation obtainedin
the proformafrom COPD non-smokersshowed that by
profession two of them werelaboursworking inindus-
try, farmer, two wel ders, washerman and painterswho
weresufferingwith COPD from 2-4 yearsAnequd num-
ber of Clinically healthy controlsand freeof overt dis-
easewith same geographic background and smilar so-
cioeconomic status (n=250, mean age41.79+ 15.76
years; 9 female, 239 males, BMI 28.352 + 8.014 kg/
m2 ) were considered for the present studly.

Oxidative stresswas assessed in plasmathrough
the determination of thelevelsof biomarkerssuch as
MDA and nitric oxidein COPD group and in control
subjects. Antioxidant statuswas eval uated by the quan-
titativeanaysisof super oxidedismutase, (SOD), Glu-
tathione peroxidase (Gpx), Catalase (CAT) and Ceru-
loplasmin (Hep), using spectrometric methods.
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TABLE 1: Clinical and physiological char acteristic of COPD
group

Clinical and physiological parameters Values
Age, years 59,32+ 10,29
Mae/female,n 239/11
Body mass index, kg/m 219,660 + 4,990

Smoking status: smokers/ex- 197/45/09
smokers'nonsmokers, n

Pack-years in smokers/ exsmokers 88,2£19.768/75,8 &

15,262
GOLD stage:l/II/I1/1V, n 73/48/121/08
FV C,% predicted 78,122+10,196
FEV1, % predicted 42,102+10,962
FEVUFVC, % 54,163+ 6.502

Methods

Deter mination of oxidativemarkersplasmanitric
oxide& MDA

Thenitriteand nitrate of nitric oxideabiomarker of
oxidative stresshasbeen assessed in plasma. Thelev-
els were measured spectrophotometrically by the
method of Green etal?®l. The absorbancewereread at
542 nm by using Griess reagent forming a col oured
complex. Theconcentration of plasmanitricoxidewas
calculated using the calibration curve. The concentra-
tion of NOx wasexpressedin um/ML of plasma.

The other marker MDA were measured
spectrometricaly intermsof thiobarbituricacid (TBA).
The concentration of TBA weremeasured by usingthe
modified method of Gavino et.a?. The absorbance
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wereread at 532 nm corresponding to the colored com-
plex formed between the MDA and thiobarbituric acid
(TBA). Theconcentration of TBARSwas cal culated
usingtheMDA concentration and using acaibration
curve. The concentration of MDA was expressedin
nmol/mL of plasma

Deter mination of antioxidant markers, erythrocyte
(RBC Lysate) super oxidedismutase (SOD), glu-
tathione peroxidase (GPx), catalase (CAT) and
serum ceruloplasmin (Hcp)

We evaluated the antioxidant enzyme super oxide
dismutasein the RBC lysate using aspectrophotomet-
ric method of McCord and Fridovich(1969) using xan-
thing?®, SOD catalyzesthe dismutation of the super-
oxideradica (O,-) into hydrogen peroxide (H,0,) and
elementa oxygen (O,) into theinter-membrane space
or mitochondrial matrix, and thusprovidesan impor-
tant defense against the toxicity of superoxide
radicas. Themethod of Xanthine-Xanthine (XOD) are
used to generate superoxideradical. 2-(4-iodophenyl)-
3-(4-nitrophenol)-5phenyltetrazolium chloride (INT)
reactswith superoxideradical to form ared formazan
dye (detector). SOD inhibitstheformation of formazan
dye. Absorbance was monitored at 505nm. The con-
centration of formazan was cal culated using the SOD
concentration and using astandard curve previousy
prepared. Thelevelsof SOD wereexpressedin U/HDb.

Glutathione peroxidase (GPx) level swere moni-

MDA (Marker of Oxidativestr ess)
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Figurel: Levelsof malondialdehyde (M DA) in plasmafrom control subjectsand COPD patients. Valuesar e expressed as
mean + SD. p<0.0001 significantly different between controls and COPD group. p<0.0001 significantly different between
controlsand COPD smokers. p<0.0001 significantly different between controlsand Ex-smoker s, p=0.005 significantly

different in controlsand COPD non-smokers
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tored by the method of Beutler et.al. (1975) In brief,
the Glutathione peroxidase (GPx) catalysesthe con-
version of reduced glutathione (GSH) to oxidizesglu-
tathione (GSSG) and hydrogen peroxidein the pres-
ence of glutathione reductase and NADPH, the oxi-
dized glutathioneisimmediately converted back tore-
duced glutathione with oxidation of NADPH to
NADP+I, The decrease in absorbance at 340nm,
indicative of the extent of oxidation of NADPH to
NADP+, was estimated as activity of GSH-Px. Re-
sultsweredefined as 1U/gHb.

Theactivity of catalase, acellular antioxidant en-
zyme, presentinbiological samples(RBClysate) ises-
timated by measuring its ability to decompose hydro-
gen peroxide, formed dueto metabolic reactions, into
water and oxygen described by Aebietal (1984)3,
Hydrogen peroxide has absorbance at 240nm and the
decreaseintheO.D. isanindicator of thedecomposi-
tion of hydrogen peroxide by catalase. Theactivity in
the samplewas expressed as U/gm Hb.

The protein ceruloplasmin was measured in serum
by using themethod of Ravineta®Y. It can catdyzethe
oxidation of some polyaminesand itsaction on para-
phenylenediamine (PPD) was used as a measure of
amount present in serum. The absorbance was mea-
sured a 540nm and the unitswereexpressed asmg/dl.

Sastical analyses

The results are expressed as mean + SD of the
concentrations of plasmaand serum parameterswere
evauaed. Thedinicd and physiologicd parameterswas
chosenfor normd digtribution. Comparisonsweretested

among the groups using unpaired t-test or Mann-
Whitney U-test or unpaired t-test were tested for
comparisions between two groups. p<0.05 was con-
Sdered sadticdly significant

RESULTS

Oxidative stressand antioxidant status

Theplasmalevelsof oxidantsMDA, NOx and an-
tioxidants SOD, GPx, CAT and serum Hcp levels of
COPD patients (COPD, COPD smokers, COPD ex-
smokers and COPD non-smokers) and control sub-
jectsareshownin TABLE 2. Themarkersof oxidative
stress MDA was found to be significantly higher
(p<0.0001) in COPD group when compared with con-
trol subjectsFigure 1. Thelevelsof TBARSfound to
be significantly different between COPD smokers,
COPD ex-smokers(p<0.0001) and COPD non- smok-
ers (p=0.005) and Controls.

Theplasmanitric oxidelevels (NOx) between con-
trols and COPD, COPD smokers and COPD non
smokerswerefound to significant (p<0.0001) but we
found no significant differencesamong the controlsand
COPD Ex-smokersFigure 2.

The anti-oxidants superoxidedismutase (SOD), in
theerythrocytelysate showed asignificant decreasein
COPD group in comparison with the controls
(p<0.0012) Further thereisan significant decreasein
COPD smokers, COPD ex-smokersand COPD non-
smokers (p<0.0001) Figure(d). Theglutathione per-
oxidase(GPx) levelswerefound to besignificantlyin-

NOx (Marker of oxidative stress)

p<0.0001

NOx (umol/mL)

p<0.0001
==.0673

p=0.0006

CONTROL copD COPD SMOKERS ~ COPD EX-SMOKERS COPD NON-SMOKERS

Figure?2: Levesof nitric oxide (NOXx) in plasmafrom control subjectsand COPD patients. Valuesar e expressed asmean +
SD. p<0.0001 significantly different between controlsand COPD. p<0.0001 significantly different between controlsand
COPD smoker s.p<0.0001 significantly different between controlsand COPD non-smoker s
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Evaluation of antioxidants(SOD, GPx, CAT and Hcp) inthepathogenesisof COPD
mar ker sof antioxidative stress

SOD U/gHb

GPx UrgHb

CAT U/gHb

Hcep mg/dL

(@)

1600
1400 P=0.0012
1200
1000
800
600
400 p<0.0001
200 p<0.0001  5<0.0001 -
0
CONTROL  COPD COPD COPDEX- COPD NON-
SMOKERS ~ SMOKERS ~ SMOKERS
120 (b)
100 p<0.0001
80 p<0.0001
60
p<0.0001
40
55 p=0.0003
0
CONTROL COPD COPD COPD EX- COPD NON-
SMOKERS SMOKERS SMOKERS
250 (C)
200
p<0.0001
150
100
i - .
[o]
CONTROL COPD COPD COPD EX- COPD NON-
SMOKERS SMOKERS SMOKERS
Id\
30 )
70
60 p<0.0001
50
40
30
20
0
CONTROL COPD coPD COPDEX-  COPD NON-
SMOKERS ~ SMOKERS ~ SMOKERS

115

> Regulor Peper

Figure3: Levesof (a). super oxidedismutase (SOD), (b). glutathione per oxidase (GPXx), (c). catalase (CAT) and serum (d).
ceruloplasmin (Hcp) in control subjectsand COPD patients. Values ar e expressed asmean + SD. COPD patients had a
significant (p<0.0001) decreasein antioxidants(SOD and CAT) and increasein (GPx and Hep) levels(p<0.0001) in comparision

with thecontrol group
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TABLE 2: PlasmaM DA, NOx levelsand antioxidant satusof thestudy groups

COPD COPD ex- COPD non-
((:r(])gg())l)s ((;2228) sm_okers smgkers smoﬁers
(n=197) (n=45) n (n=09)
Oxidants
MDA (nmol/mL) 1.342+0.652 4.73443.572 2.21640.996 1.786+0.682 0.7344+0.268
NOx(umol/ml) 1.123+0.699 2.715+1.552 1.546+0.142 0.929+0.263 0.311+0.026
Anti-oxidants
SOD(U/gHb) 1406.94+126.75 1312.53+439.23  149.53+24.69 116.42+17.63 239.12+.76.2
GPx(U/gHb) 26.134+8.197 43.145+11.26 96. 99+19.183 73.12+16.612 16.134+2.19
CAT(U/gHb) 197.18+67.47 163.94+60.37 50.34+22.19 32.94+18.06 60.26+27.28
Hep(mg/dl) 34.327+9.132 45.97+11.194 73.27+24.01 22.45+11.45 17.26+5.24

All the data are expressed as mean + SD

creased between COPD smokers, COPD ex-smok-
ers (p<0.0001) and COPD ex-smokers (p=0.0003)
when compared with controlsFigure (b.) Thecatdase
(CAT) level shetween controlsand COPD group are
sgnificantly decreased (p<0.0001) Figure(c).

Serum ceruloplasmin (Hep) levelshad asignificant
(p<0.0001) increase in antioxidant status of COPD
patientswhen compared with the control subjects. Sig-
nificant differencewereobta ned between COPD smok-
ers, COPD ex-smokers and COPD non-
smokers(p<0.0001) Figure(d).

DISCUSSIONAND CONCLUSIONS

The exogenous and endogenous sources of ROS
mechanism getsimbalanced ininflammatory diseases
like COPD during which oxidative stressmarkersgets
increased with decreasein antioxidant levels. Asthe
ROS|evel sgetsdisturbed thereisimba ancein oxidants
and antioxidant mechanismsresulting in dtered patho-
logica conditions. Theaim of the present study wasto
evauate and to compare the oxidative stress markers
inplasmaMDA and NOx level sand the antioxidants
SOD, GPx, CAT and Hcp in COPD group (COPD
smokers, COPD Ex-smokersand COPD non-smok-
ers) with healthy controls. Our results suggest that oxi-
dative stressand antioxidants statusplay avitd rolein
pathophysi ologica changesinvolvedin COPD.

The primary consequence of oxidative stress oc-
cursonthecdl membraneof lipidsleadingto cdl dam-
age or complete cell death. The evauation of plasma
productslikelipid perioxidation (MDA) and nitric ox-
idearehd pful asmarkersto examinetheoxidativestress
in disease condition.In our studieswefound asignifi-

cant association of plasmaMDA |evel sbetween con-
trolsand COPD groups, Cristovaoeta® observed that
MDA levels were increased in COPD, COPD non
smokersand COPD ex-smokersin comparison with
the controls as our studies show the similar results.
However thereare other studieswhich show no corre-
lation of TBARSin COPD associated with cigarette
smoking (Atluntas 2003),

Nitric oxideisused asmarker for oxidative stress
andinother inflammatory diseases. Petruzzelli Seta®!
have shown that Smoking increasesdirectly Peroxy ni-
triteformed by the production of NO with superoxide
anion. It hasbeen observed in thisstudythat nitric oxide
levelsgetsincreased in COPD group but we did not
find significant differenceinthelevel sof plasmanitric
oxide among COPD controlsand COPD ex-smokers.
Some studieshave shown declineinnitricoxidelevels
when compared with the healthy control 3537, Over
al wefoundthat nitric oxidelevel sincreasesin smok-
ing associated with COPD asproved in earlier studies
carried out byauthors CliniE.etd™. Theincreaseinlipid
peroxidation productsand plasmanitric oxidelevelsin
COPD patients, ass st the hypothesisof oxidative stress
associated with the disease.

Inaddition, weobserved thesgnificant differences
in the antioxidant status between controlsand COPD
group. Theantioxidant status gets decreased asthelev-
elsof oxidative stressmarker increases. SOD, GPx,
CAT and Hcp are regarded as common antioxidants
present intheblood. Wefound thelevelsof SOD get
decreased in COPD group when compared with con-
trol subjects. Thelevelsof SOD were checked in smok-
erswith COPD, COPD ex-smokersand COPD non-
smokerswhen compared with the controlsand showed



RRBS, 9(3) 2014

Ashrafunnisa Begum et al.

117

low levels of SOD with a significant
association(p<0.0001). Previousstudiesstatesthesame
resultswhich arein agreement with our obervations.
Kim SH etal (2009)* RaghunathRaietd (2006)° and
M.K Dagaeta (2003)1*Y observed thesimilar decrease
levelsinsmokersand COPD subjectswhen compared
withthe controls. However higher levelsof SOD were
observed by theauthorR.PBowler et.a 20062 where
theextrace lular SODgetssignificantly elevatedinthe
lungsof COPD patients.

Inour studies, levelsof Catalase (CAT) werefound
to be decreasedwith asignificant association (p<0.0001)
in comparison with the COPD group and controls.
Tavilani H.etd (2012)3 studies have observed thelev-
elsof catalasewerelower in COPD patientsand smok-
erswhen compared with non-smokersin accordance
with our studies. Few studieson theactivity of catal ase
had shown no aterationsin thelevelsof catalasein
COPD patients when compared with control %4,

Serum Ceruloplasmin (Hcp) levelswerefoundto
bedevatedin our sudieswith asignificant association
(p<0.0001) in comparison with the COPD and con-
trols. Theseresultswerein accordancewith the recent
study carried out in Indiawith serum ceruloplasminand
ferrioxidase activity in COPD patients by
VivekAmbade.etal. However TavilianiH.eta did not
find any significantlevesinplasmaHcplevelsin COPD
patients, smokersand non-smokers*l,

Wefurther noted that the COPD patientswere not
on any oxygen therapy. The agelimit of the patients
wereabove45 years. TheoxidativestresslevelsMDA,
NOx and antioxidant statuswere comparedin relation
with the age among COPD subjectsand controlsand
therewas no significant differences observed. These
resultsobtained werein observancewith theother stud-
iesinrelation to age“dl. Hencein our study thereisa
sgnificant association of oxidative stressmarkersM DA
and NOx levelsa ongwith antioxidants GPx, Hcp, show-
ingincreased levelswhereas SOD and Catdlaselevels
werefound to below in COPD group in comparison
with healthy controlswhichissimilar to astudy con-
ducted recently in relationwith oxidant and antioxidants
statusin COPDI“7, Further studiesare needed to con-
firmtheroleof oxidantsand antioxidant statusin COPD
patients.

To conclude, thisstudy showed theelevated levels
of MDA and NOx and decreasein antioxidants SOD

—=> RegUlOr Peper

and GPx with CAT and Hcp showing increased levels
in plasmaand serum of COPD patients. Thissignifi-
cance was observed among COPD smokers, COPD
exsmokers and COPD ex-smokers butplasma NOx
showing no significancewhen compared withthe con-
trols. Thisimbal ance between the oxidantsand antioxi-
dants in COPD patients can serve as a
biochemicamarkersinthediagnosisof thediseaseand
helpinintervention of theraupetic drugsfor treatment
of COPD.
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